Using a polymerase chain reaction method, a search for Y-specific DNA sequences was made in samples derived from tissues of a 46,XX true hermaphrodite. We found a sequence of SRY in the ovotestis, skin and leukocytes. Other DNA sequences, which covered the pseudoautosomal boundary region, amelogenin gene and DYZ1 locus of Y-chromosome were not detected. The SRY gene detected in the patient by the polymerase chain reaction was not detected by Southern blot analysis, using the SRY fragment as a probe. These findings suggest that in the patient there is a mosaicism of cells with and without part of the Y chromosome, including the SRY sequence. As the SRY sequence was responsible for the development of the gonadal primordium to the ovotestis, SRY seems essential for gonadal differentiation in testis development.
INTRODUCTION
A true hermaphrodite is an individual possessing both testicular and ovarian tissues. In more than half of the reported cases there was a 46,XX karyotype, and the remainder had a 46,XX karyotype or sex-chromosome mosaicism (Donahoe et aL, 1978) .
The mechanisms that govern gonadal differentiation, a critical step in the development of internal structures and external genitalia, have been the subject of wide discussion. The role of the Y chromosome was emphasized when it became clear that independently of the number of X chromosomes present, the Y chromosome determines development of the testicle, even if dysgenetic. It has been reported that the testis-determining factor gene (TDF) lies on the Y chromosome and that it is responsible for initiating male sex determination. Sinclair et al. (1990) determined a candidate sequence for TDF and used the term SRY (for sex-determining region Y), because this sequence has many of the properties expected for TDF. It was also reported that some sex-reversed XY females without Y chromosome deletions had mutations in the SRY, thereby suggesting that the SRY is responsible for sex determination J/iger et al., 1990a) . Koopman et al. (1991) demonstrated that SRY is indeed the TDF gene.
In other reports, true hermaphrodites with the 46,XX karyotype were analyzed for Y specific regions, including ZFY, which is ~200 kb apart from SRY , and such sequences were not detected in peripheral leukocytes by Southern blot analysis Damiani et al., 1990) . We report here evidence for the presence of SRY in tissues from a 46,XX true hermaphrodite, determined using the polymerase chain reaction method (PCR) and Southern blot analysis.
PATIENT AND METHOD

Patient.
The patient, 13 months old, was born with ambiguous genitalia, consisting of clitoromegaly, a single vaginal opening, the absence of labia minora and the presence of a hernia sac resembling scrotum. The family history was unremarkable. Laboratory investigation revealed normal 24-hr urinary 17-ketosteroid (0.3 rag/day) and 17-hydroxycorticosterone (1.3 rag/day) values, and normal serum electrocyte concentrations. Gonadotropin levels before and after LH-RH infusion tests were within the normal range. The serum estradiol (E2) level was < 10.0 pg/ml and was elevated to 42 pg/ml after the human menopausal gonadotropin (HMG) infusion test. Serum testosterone and 5a-dihydroxy testosterone (5aDHT) levels were <5.0 ng/dl and <0.02 ng/ml, respectively. After the human chorionic gonadotropin (hCG) infusion test, the testosterone level was elevated to 80.2 ng/dl and the 5aDHT was 0.29 ng/ml. Chromosome analysis performed on peripheral blood leukocytes revealed a 46,XX karyotype.
As one gonad was palpable in the scrotum on the right side, the patient was assumed to be a true hermaphrodite. At exploratory laparotomy, the uterus was palpable and one fallopian tube was identified. Gonads were present on the right side, one in the hernia sac which resembled a scrotum and the other was in the inguinal canal. The intraoperative pathology assessment was that the gonad in the hernia sac was testis and the one in the inguinal canal was ovotestis with a clear boundary. The whole gonad in the hernia sac and a half of the inguinal canal were excised. Detailed histological examination on the excised gonads revealed that both were ovotestis. In the testicular tissue, the seminiferous tubules were occupied only with Sertoli ceils. The interstitial tissues were fibrous and there were no Leydig cells. In the ovarian zone, primordial follicles and a few primary follicles were visible ( Fig. 1) . DNA analyses. High molecular weight DNA was prepared from the genital skin, ovotestis and peripheral leukocytes, as described (Tanoue et al., 1990) . Control DNA was obtained from peripheral leukocytes of normal females and males. Oligonucleotide primers for AP-1 and AP-2, PAR-A, -B, and -C, AMXY-1F and AMXF-2R, YI-6F and Y1-4R located within the SRY (Jfiger et al., 1990b) , pseudoautosomal boundary region , amelogenin gene (Nakahori et al., 1991) and DYZ1 (Nakagome et al., 1991a) , were synthesized for PCR amplifications. Each nucleotide sequence of the primers is described in the Table 1 . PCR was performed using ~100 ng/50 ~1 mix of genomic DNA and Taq polymerase (Takara Shuzo Co.) using DNA Thermal Cycler (Takara Shuzo Co.) as described elsewhere (Saiki et al., 1985) . Reactions conditions were 1 min denaturation at 94~ 1 min annealing at 54-57~ and 3 min extension at 72~ for 30 cycles. Onefifth of the products were gel-electrophoresed and stained with ethidium bromide. The amplified DNA fiagment corresponding to SRY was sequenced by the dideoxynucleotide chain termination method using radio-isotope (Sanger et al., 1977) . Southern blot analysis was performed as described (Southern, 1975) .
RESULT
Genomic DNA :from the ovotestis, leukocytes or skin was analyzed to investigate whether these tissues contained a Y-specific sequence, especially SRY. The results of PCR amplification of the sequences are shown in Fig. 2 . With the primer set within the open reading frame of SRY, a 422 bp frgament was amplified from DNAs from a control male, patient's ovotestis, leukoeytes and skin, but not from a control female ( Fig. 2A) . To monitor the PCR, a 214 bp fragment of peptidase D gene was co-amplified (Tanoue et al., 1990) , and was successfully amplified in all samples. Sequencing of the 422 bp fi'agments from the control male and patient's tissues revealed that the nucleotide sequence of both fragment was identical to the SRY sequence described in previous reports (dafa not shown) J/iger et at., 1990a) .
Next we examined whether the patient's tissues contained other Y specific regions. A pseudoautosomal region of Y is known to be located at the distal area of SRY on the short arm of the chromosome, an area where recombinations sometimes occur between X and Y chromosome . To amplify part of a pseudoautosomal boundary region, PCR was performed on DNAs using a 30 mer oligonucleotide primer which corresponded to the pseudoautosomal sequence of X and Y (PAR-C), in conjunction with a 30 mer oligonueleotide corresponding Y-specific (PAR-A) or X-specific (PAR-B) sequences. Products were identified as a 947 bp fragment from the Y chromosome, and a 771 bp fragment from the X chromosome . Both fragments were found in products from the control male, while only the 771 bp fragment derived from X chromosome was found in products from control female, patient's leukocytes, patient's skin or patient's ovotestis (Fig. 2B) . A n amelogenin gene is located at centromere on the short arm of Y and X chromosomes (Nakahori et al., 1991) . With the primer set within the amelogenin gene, a 1. Jpn J Human Genet A 1,024 bp fragment was amplified on D N A from the control male, but not on those from the control female, patient's leukocytes, skin and ovotestis. The peptidase D gene was co-amplified in all samples (Fig. 2D) . Thus, tissues fi'om the patient contained part of the Y chromosome including SRY, but not long arm of the Y chromosome.
Since it was possible that the pseudoautosomal boundary PCR assay was less sensitive than the SRY PCR assay, we performed PCR of SRY and Y specific pseudoautosomal region using mixed peripheral leukocytes derived from the father and the mother of the patient changing by a ratio 1:1 to 1:10,000. Amplified D N A fragment corresponding to Y specific pseudoautosomal region was visible up to a 1:500 mixed sample, whereas that of SRY was clearly shown in a 1:10,000 mixed sample (Fig. 3) .
Next, we analyzed D N A from control male, control female and the true hermaphrodite, by Southern blot analysis after EcoRI or HindIII digestion, using the 422-bp SRY fragment as a probe. As shown in Fig. 4 , the probe hybridized with the 13 kb fragment generated by EcoRI digestion in the control male (black arrow), whereas no hybridization band, including the corresponding band, was observed in the D N A sample from the control female and from the patient, even after a longer exposure. When the filter was re-hybridized with a 4.0 kb-BamHI-EcoRI fragment of genomic D N A of peptidase D gene, a 10 kb fragment was visualized, in all lane (white arrow), when the same samples were digested with HindIII and subjected to Southern hybridization with the 422 bp SRY probe, a 2.1 kb fragment, corresponding to the SRY gene , was visualized only in case Fig. 3 . PCR analysis of SRY and pseudoautosomal boundary region of Y with primers within SRY (AP-1, AP-2) and pseudoautosomal boundary region of Y (PAR-A, PAR-C). DNAs are derived from leukocytes from the father and the mother of the patient. The SRY fragment is a 422 bp and the Y specific pseudoautosomal fragment is a 947 bp. Lane 1, the father's DNA only; lane 2, DNA from mixed peripheral leukocytes with a ratio 1:1 of the father and the mother, respectively; lane 3, a ratio with 1:50 of the father and the mother; lane 4, a ratio with 1:100 of the father and the mother; lane 5, a ratio with 1:500 of the father and the mother; lane 6, a ratio with 1:1,000 of the father and the mother; lane 7, a ratio with 1:10,000 of the father and the mother; lane M, DNA marker (~bX-174/HaeIII). (Tanoue et al., 1990) . A 10 #g DNA sample was digested with RcoRl, electrophoresed on 0.8~ agarose gel, and transferred to a nitrocellulose filter. The filter was first hybridized with the 422-bp SRY fragment labeled with a2p. The filter was washed and exposed to X-ray film for 7 days. of the control male (not shown).
DISCUSSION
We obtained evidence for the presence of SRY in tissues from a true hermaphrodite whose peripheral leukocytes showed a 46,XX female karyotype. As the SRY sequence was detected by P C R but not Southern blot analysis, the SRYpositive-cell population is scanty compared to that of the SRY-negative-cell. Thus, the hybridization band was not visible by the latter procedure which is less sensitive than PCR.
Although the mechanism by which the SRY exerts its influence on gonadal development is a matter of speculation, the ovotestis found in our patient was potentially composed of ovarian tissue without SRY and testicular tissue with SRY, and this mosaicism. It is possible that in the SRY-positive cells, part of Y chromosome including SRY was translocated to the X chromosome or to another autosome. Because of the small population of SRY-positive cells and the small size of the amplified SRY sequence (less than 1.0 kb), an in situ hybridization study on chromosome was not feasible.
There has been no adequate explanation for the etiology of true hermaphroditism. Familial 46,XX males co-existing with familial 46,XX true hermaphrodites in the same pedigree suggests that both represent alternative expressions of the same genetic defects (Skordis et al., 1987) . The X-Y chromosome interchange has occurred in many XX males and a Y-chromosome-specific sequence has been detected, while in XX true hermaphroditism such sequences seem to be rare. Nakagome et al. (1991b) found that in a true hermaphrodite without the ZFY locus, SRY was detected by PCR. Mosaicism might relate to the development of true hermaphroditism in such cases.
We could not exactly determine the region of Y chromosome that the patient had. Since SRY is located only a few kilobases proximal to the Y pseudoautosomal boundary, it is unlikely that SRY would be present and the pseudoautosomal boundary absent. As shown in our examination, the pseudoautosomal boundary PCR assay is less sensitive than the SRY PCR assay and the presence of the Y pseudoautosomal boundary region in the patient can't be excluded. However, J~ger et al. (1990b) reported that only one case out of seven 46,XX true hermaphrodites who lack ZFY had Y pseudoautosomal boundary. This data combined with our data suggests that there may be small part of Y chromosome in patients with true hermaphroditism.
In summary, hermaphroditism in the patient is apparently caused by mosaicism of SRY-positive and -negative cells. The SRY is essential for testis differentiation as a trigger leading the undifferentiated gonads to the testis.
